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ABSTRACT
Late B cell activation in the small intestine has been studied

extensively using a variety of infectious organisms as stimuli.

However, the mechanisms of the early activation of intestinal B
lymphocytes are poorly understood and the kinetics of early
immunity to Trichinella spiralis infection has not yet been

characterized, hi this study,rats were infected with 2,000 Trichinella
spiralis(TS) muscle larvae. On various days after infection, samples

of the upper 1/3 portion of the small intestine, the Peyer's patch
region (PP) nearest to the intestinal sample, the mesenteric lymph
node(MLN),and the spleen(SP) were taken from rats. These tissues

were examined for TS 9D4 antigen-specific Ig- producing B

lymphocytes (Ig-pc). In addition, the isotypes of the specific
antibodies produced were identified and the dynamics of the

appearance of 9D4 specific Ig-pc were determined. In the small
intestine,9D4 specific IgE-pc were observed to increase significantly

from day 2 after infection and 9D4 specific IgGl-pc increased
significantly from day 3 ofinfection, both appearing extremely early
during the primary infection. IgA-pc were not observed in the

intestinal samples in significant numbers until day 5 ofinfection and
IgA-pc numbers remained insignificantly low in the other tissues

sampled.In the PP,the 9D4 specific IgE-pc was observed to increase
significantly on day 2 and IgGl-pc were observed on day 5 of
infection. In the MLN,IgGl-pc were observed in significant numbers
by day 3 of infection, whereas IgE-pc were not observed until day 7.

IV

In the SP, 9D4 specific IgE-pc and IgGl-pc were seen on day 3 of
infection. Tissues from the MLN and spleen were the last to show

significant increases in 9D4-specific B lymphocyte numbers. The
significance of this study is to reveal the early appearance of 9D4
specific IgGl-pc(> 48 hr)and 9D4-specific IgE-pc(> 72 hr) within the
non-lymphoid regions of the small intestine and potential ability of
an immunized host to generate an early, yet effective, humoral

immunity against Trichinella. spiralis at a site that has been
traditionally neglected.
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1.0 Introduction

Trichinella spiralis (TS) is responsible for the potentially lethal

disease Trichinosis. The encysted muscle larvae(ML) are infectious
to a number of mammals including dogs,rodents,swine and humans.
If infected meat is poorly cooked, the infectious ML are able to
survive(Hickman et al., 1984).The kinetics of TS infection have been

intensely studied in humans, swine, and several species of rodents
(Hickman et al., 1984;Bell & McGregor, 1979a,b, 1980a,b,c; Bell et al.,

1982; Jarvis et al., 1992; Jarry et al., 1990;). There is evidence that
the rat and mouse hosts are capable of eliciting immune responses
during every stage of the worm life cycle in TS infection (Bell et al,
1979; Bell & McGregor, 1979a,b; Bell et al., 1982; Wassom et al, 1983;
Wakelin, 1985;Appelton & McGregor, 1984).

1.1 Life Cycle of Trichinella spiralis
When ingested,infectious muscle larvae position themselves close
to the wall of the small intestine by burrowing into the mucosa of the

cranial portion of the jejunum approximately 15 cm distal to the
duodenum(Despommier et al., 1978). Here the worms molt, mature,

and mate producing free living newborn larvae (NBL) (Bell et al.,
1979; Wang & Bell 1986a,b; 1987, 1988a,b; Bell & Wang,1987; Wang

et al., 1987) and excretory-secretory products, which will assist in
inducing an anti-TS immune response (Choy et al, 1991). The NBL
migrate through the intestinal wall and into the blood stream and
lymph via nearby vessels, which carry them to the skeletal tissue

(Hickman et al., 1984; Wang & Bell 1986; Bell & Wang, 1987a,b;

Wang et al., 1987). Once the juveniles reach their destination, they
bury themselves into the muscle tissue in a coiled position and form
cysts(Bell & Wang,1987a,b; Wang et al., 1987; Choy et al, 1991).In
this stage of their life cycle, TS worms may live up to several years
in their host (Hickman et al., 1984), depending on environmental

factors. Ingestion of raw or poorly cooked meat that is infected will,

once again, allow the hfe cycle of TS to begin in the new host. The
persistence of this type of infection can lead to chronic

immunological reactions resulting in pathologic tissue injury,such as
villus atrophy and intestinal lesions, and possibly abnormalities in
immune regulation,such as decreases in intra-epithelial lymphocyte
numbers(Garside et al, 1992).

1.2

Rat Host Immunity to Trichinella spiralis
Three separate immune responses to TS infection have been

observed in rats. An anti-preadult, or muscle larvae, intestinal

response known as rapid expulsion(RE) has been well characterized
(Bell & McGregor, 1979a,b;BeU & McGregor,1980a,b;BeU et al., 1987;
Ahmad et al., 1990). RE is observed during secondary infections with

TS,and,in rats, research shows it results in the expulsion of>90% of

the preadult worm population present within 24 hr of the secondary
infection and is complete within 6-7 days (Bell et al., 1979; Bell &

McGregor, 1980c; Bell & Wang, 1987). Anti-newborn larvae

immunity has been demonstrated during primary and secondary

infections, but does not interfere with the establishment of adult
worms in the intestine, nor worm fecundity(Bell & McGregor, 1980c;

Wang & Bell 1986a,b, 1987a, 1988a,b, 1992; Bell & Wang, 1987a,b).
Anti-adult immunity during primary infections has been observed to
result in decreased female fecundity and elimination of adult worms

before reproduction begins(Bell & McGregor, 1979a,b).

1.2a General Immunity To Helminths

The major pattern of cellular immunity to helminths,in general,
begins with the stimulation of specific CD4+ T helper cells and their
secretion of lL-4 and lL-5. The activities of T lymphocyte sub

populations have been fairly well recognized.It has been shown that
lL-4 stimulates the production of IgE antibodies by B lymphocytes,
while IL-5 enhances eosinophilia (Hamada et al., 1992). B

lymphocyte stimulation by IL-4 and the subsequent production of
IgE is known to require genetic differentiation after activation by IL
4 in order to express specific immunoglobulin classes, but not a

heavy chain switch recombination, thus allowing for the earlier
appearance of IgE than was previously thought(Yaoita et al., 1982).

The major basic protein and cationic products of Eosinophils(EOS)
that are stimulated by IL-5 are toxic to helminths, making them

major effector cells of antibody dependent cell cytotoxicity(ADCC)
(Lammas et al., 1992). Recently,it has been shown that EOS mature

into hypodense cells, with the lowest density EOS of this population
showing potent ADCC against TS invasion(Hamada et al., 1992).ADCC

is most efficient when the target cell is precoated with antibody, as
has been observed in the presence of IgE and IgA antibodies(Wang
et al., 1992). Mast cells and Basophils are also attracted by the

presence of IgE, and have high-affinity receptors specific to the Fc

portion of IgE. Contact with IgE-antigen complexes results in the
release of inflammatory and vasoactive mediators by Mast cells and

Basophils. This leads to immediate hypersensitivity accompanied by
the production of IgA and its binding by intestinal epithelial cells,
which results in a mucosal response against the parasite (Abbas et
al., 1991).

Neonates have been demonstrated to be protected by IgG

isotypes that are secreted in the mother's milk (Carlisle et al.,

1991b). This knowledge supports the theory that Rapid Expulsion,as
seen in rats, requires an immunological component other than IgA,
most likely IgE and possibly several IgG isotypes, to activate an
immune response against helminths, specifically during infection
with TS(Bell et al, 1979; Beh and McGregor, 1980a,b; Bell et al., 1982;
Pond et al., 1989;Denkers et al., 1990; Carlisle et al., 1991b; Wang et
al. 1992;De Vos et al 1992).It is important to note that the receptor

mediating IgG transport across the intestinal lumen of neonate rats is
structurally similar to class I MHC molecules (Carlisle et al., 1991b),
whereas class II MHC molecules are required in the stimulation of Thelper cells in adult rats, which in turn, stimulate B lymphocytes

(Dick et al, 1988; Korenaga et al., 1989; Wang et al, 1990). Class I
MHC molecules are recognized and bound by CD8+ T cytolytic cells

and are present on virtually all nucleated cells. Class II MHC
molecules are recognized and bound by CD4+ T helper cells and are

normally expressed only on B lymphocytes, macrophages, dendritic
cells, endothelial cells and a few other cell types(Abbas et al, 1991).

1.2b Rapid Expulsion

The anti-preadult intestinal response of Rapid Expulsion (RE) is
known to result in the expulsion of >90% of the preadult worm

population present within 24 hr of the secondary infection (Bell &
McGregor, 1979a,b). Research has repeatedly demonstrated that
rapid expulsion (RE) is transferable to naive rats upon primary

infection with thoracic duct lymphocytes(TDL) and immune serum
from infected rats and intestinal stimulation with unrelated parasites

(Bell et al., 1987; Korenaga et al., 1989; Ahmad et al., 1990). Early
studies

have

also

demonstrated

a

variable

other

than

immunoglobulins needed for adoptive transfer (Bell & McGregor,
1980b) that is now known to act synergistically with immune serum

to produce RE and adoptive transfer (Bell et al., 1987; Bell &
McGregor, 1979a,b; Bell & McGregor, 1980a,b; Korenaga et al., 1989;
Ahmad et al., 1990). Recently, the variable has been identified to be
the OX8-OX22- T helper ceU subset that is produced and functions in
the intestine (Bell et al, 1987;Ahmad et al., 1990,1991). MRC 0X22+
CD4+ T cells have been demonstrated to be active during primary

infection with TS, whereas 0X22- CD4+ T cells have been
demonstrated to be active during secondary B cell activation(Powrie

et al., 1989). Furthermore,the 0X8-0X38+0X22- T helper subset has

recently been demonstrated to act synergistically with antibodies to
transfer RE of TS in adult recipient rats(Ahmad et al., 1991)

As was previously mentioned, ADCC is most efficient when the

target cell is precoated with antibody, specifically in the production
of IgE. Recently Ahmad et al(1991a,b) demonstrated IgE to be the

immunoglobulin acting in adoptive transfer observed by the
expression of RE of TS in rats transfused with IgE and TDL. Bell et al
(1991) also demonstrated RE using monoclonal IgGl, IgG2a, lgG2b,
IgG2c,and affinity purified IgE plus immune serum.

1.2c Anti-Newborn Larvae Immunity

Anti-newborn larvae responses observed during both primary

and secondary infections by TS are known to be stage specific against
newborn larvae (NBL) and that the expulsion of adults in the

intestine and female fecundity are not influenced by this type of
response (Bell & McGregor, 1980c; Wang & Bell 1986a,b, 1987a,
1988a,b, 1992;Bell & Wang,1987a,b). It is known that early immune

effectors are responsible for slowing the migration of NBL out of the
small intestine to possibly give other effectors time to respond to the

invasion(Wang and Bell, 1987b).It has also been demonstrated that
the mechanisms of the immune response to NBL include ADCC,

resulting in NBL destruction(Wang and Bell, 1987b, 1988a,b).

1.2d Anti-Adult Immunity
Anti-adult immune responses to primary infections of TS have

recently been the topic of much debate. In TS infection, humoral
recognition of foreign antigen does not begin until the worm enters
the mucosa of the small intestine. At this point, macrophages and

Neutrophils can recognize the worms as foreign and try to kill them

using phagocytic or cytocidal mechanisms respectively(Abbas et al.,
1991). However, TS is too large for macrophages to engulf, and the

cuticle tegument of the worm is resistant to the cytocidal
mechanisms of both macrophages and Neutrophils (Wang et al.,
1990). Therefore, humoral immunity alone against TS is not very

effective in ridding the host of infection. Anti-preadult immune
responses were previously thought to act synergistically with antiadult immunity to produce immunity against primary infections(Bell
& McGregor, 1979a,b). However, this was later shown to be true for
secondary challenge infections only(Wang and Bell, 1987b).
It is known that the mechanisms operating in anti-adult

immunity in the intestine are expressed against adult worms in the
form of decreased female fecundity and elimination of adult worms

before reproduction begins (Bell & McGregor, 1979a,b). It is also

known that IgE-presenting B lymphocytes are major effector cells in
the immune response against TS in humans(King et al., 1993), rats
(Ahmad et al., 1991a,b; Bell et al., 1991) and in mice (Pond et al.,

1989; Grencis et al., 1991). IgE-producing B lymphocytes (IgE-pc)

have been observed in the PP and MLN as early as day 8 after

challenge with benzypenicilloyl in mice(Auci et al., 1992). However,

the early appearance of IgE in rats has not been characterized.
Mastopoiesis and eosinopoiesis in the rat intestine in response to TS
infection have been demonstrated to be stimulated by two distinct T-

helper cell subsets (Wang et al., 1990a). The OX22+ T helper cell
subset has been demonstrated to activate mucosal Mast cells(MMC),

whereas 0X22- T cells has been demonstrated to increase Eosinophil

(EOS) numbers significantly during a primary TS infection as

compared to the control. The same study also demonstrated that
there is an MHC II compatibihty requirement in adoptive transfer in

the presence of0X22- T cells(Wang et al., 1990). This suggests that
EOS, not MMC, are involved in the phenomenon of anti-adult
immunity(Bell et al., 1987,Wang et al., 1990a,b).

The immune responses to TS in mice differ somewhatfrom those
observed in rats. Research on inbred mouse strains shows that

expulsion of TS begins on day 8 of the primary infection and is
complete by day 11 in young mice,whereas in older mice,expulsion
begins 1-2 days earlier(Wakelin & Lloyd, 1976; Bell and McGregor,
1980c, Bell, 1992).Secondary challenge with TS results in a weak or
absent immune response in mice (Bell and McGregor, 1980c). The

mechanisms of the early stimulation of CD4+ T helper cells by B cells
present close to the antigen are stiU under debate. It is known that
the primary immune response to TS infection is slower in mice than
in rats (Bell, 1992). It is also thought that IgE is a major effector
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against TS infection in mice, rats and humans. It is, therefore,

possible that IgE production may occur much earlier in a primary
infection with TS in rats(Richards & Wang,unpublished data) than in
mice.

1.3 Purpose of Study
The human intestine is constantly being exposed to antigens
derived from food, toxins, bacteria, viruses, and parasites. As a result

of such exposure, immunological components such as T and B
lymphocytes are stimulated in the small intestine. Intestinal immune
responses have been studied using various infectious organisms,such
as Trichuris mizris(Wakelin, 1975), Giardfa iamMa(Upadhyay et al.,

19S6), Strongyloides ratii (Uchikawa et al., 1991), and Trichinella
spiralis (Wakelin & Lloyd, 1976, Bell & McGregor, 1979a,b,
1980a,b,c), which is responsible for the potentially lethal disease
Trichinosis(Hickman et al., 1984). During T. spiralis infection, the
adult worms burrow into the mucosal tissues of the upper areas of

the small intestine where they quickly mature and multiply,

shedding newborn larvae (NBL)(Hickman et al, 1984, Wang & Bell,
1986a,b, 1987a,b, 1988a). Each stage of the parasite's life cycle can

trigger a specific immune response that can be identified by the
presence of either activated antibodies and adherent cells or
activated cells.

Most investigations with organisms other than TS concerning

infection and immune response induction, to date, have focused on

the response of IgA-producing B lymphocytes in the Peyer's patches,
which consist of organized lymphoid tissue located in the small
intestine, and are associated with immune responses (Wilders et al.,
1982,Lyscom & Brueton, 1983,Upadhyay et al., 1986,Spencer et al.,
1986). However, intestinal immune responses that take place in

areas other than the Peyer's patches are only beginning to be

extensively studied. Likewise, the dynamics of early activation of
intestinal B lymphocytes by TS have yet to be characterized in rats.
Since the non-lymphoid regions of the small intestine possess lOOx
more disseminated lymphocytes than all of the Peyer's patches
combined, and antibodies of the IgG and IgE isotypes are more

efficient in many immune responses than IgA, it is therefore
important to understand the mechanisms and dynamics of activation

of IgG- and IgE-producing B lymphocytes in the non-lymphoid
regions of the small intestine.

Activated intestinal B lymphocytes secreting antibodies can be

detected by Immunofluorescence and Filter-immunoplaque assays.

Recently, TS activated T cells were found in the non-Peyer's patch
region of the intestine of immunized rats and found to activate B

cells(Wang et al, 1990,).Therefore,the purpose of this research is to

gain a better understanding of the mechanisms of TS which activate
IgG- and IgE-producing B lymphocytes in the non-lymphoid regions
of the small intestine. In this study, B lymphocytes from the small
intestine of immunized rats were examined for their ability to

secrete specific antibodies against Trichinella spiralis antigen. In
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addition, the isotypes of specific antibodies produced were identified
and the dynamics of the appearance of activated B lymphocytes
determined. The significance of this study is to reveal the potential
abihty of an immunized host to generate an early, yet effective,
humoral immunity against Trichinella spiralis at a site that has been
traditionally neglected.

11

2.0 Materials and Methods
Animals

Male or female SD rats of6 or more weeks of age were used in all

experiments. Rats were purchased from Spraque-Dawley, housed at
the California State University San Bernardino vivarium, and given
food and water ad libitum. Animals were randomized into seven

groups of three. The pooled control group contained a total of six
animals. All experimental procedures were reviewed and approved

by the Institutional Animal Care and Use Committee prior to the
beginning of these experiments.

Parasite

Trichinella spiralis was maintained by serial passage in retired
breeder rats of DA or PVG strains which had been irradiated with

500 rad and infected with 3,000 muscle larvae at least 30 days prior
to use at the Baker Institute for Animal Health, New York State

College of Veterinary Medicine, (Cornell University, Ithaca, New
York). The parasite was brought to the Baker Institute by Dr. D.D.

McGregor from the Trudeau Institiute(Saranac Lake, NY,U.S.A.) and
was derived from a strain held at Columbia University, New York, by

Dr. D.D. Despommier (Wang & Bell, 1992). This strain has been
studied in extensive detail(Bell et al., 1979). T. spiralis was received
from The Baker Institute courtesy of Dr. R.G. Bell.

12

Collection of Muscle Larvae

The procedures used to isolate the larvae from infected rats and
to count intestinal worms have been previously described (Bell et al.,

1982,Bell & McGregor 1979a,b, 1980a,b,c). Briefly,infectious muscle
larvae were obtained from minced rat carcasses by pepsin

hydrochloride digestion at 37oC for 1 hr. Larvae were isolated by
pouring the digested fluid through cheesecloth to remove bones and
undigested material and then poured through a 200-mesh sieve,
which retains the larvae. Infected muscle tissue was stored at 4^0
until used.

Preparation of Adult Antigen

Preparation of the adult antigen of T. spiralis has been previously
described (Bell et al., 1982). Briefly, the intestines were removed
from rats three days after an oral infection with 8000-9000 T.

spiralis muscle larvae. The collected worms were sonicated to obtain
crude larval(9D4)antigen. A mouse monoclonal antibody against T.

spiralis 9D4 antigen was generated by Appleton et al.(1984) and
was used to affinity purify the 9D4 antigen. C.H. Wang conjugated
Rhodamine (XRITC) fluorescent dye to the affinity purified 9D4
antigen(unpublished data).

Infection with Muscle Larvae

Large numbers of TS muscle larvae were collected from the
pepsin digest previously described. The muscle larvae were flushed
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from the sieve with 0.85% NaCl then washed again three times with
0.85% NaCl. The larval extract was then centrifuged for 30 min at
10,000 X g. A total of 2000 larvae per 1 ml of saline was

administered using a feeding tube to rats lightly anesthetized with
Halothane(Bell & McGregor, 1980a,b,c).

Tissue Preparation

In order to analyze the isotypes of antibodies produced by the
intestinal B lymphocytes and the quantities and tissue distribution of
isotype-specific antibody-producing B cells in the intestine,intestinal
tissue (15 cm distal to the duodenum), Peyer's patch (the nearest
region to the intestine taken), mesenteric lymph node, and spleen

were obtained from normal uninfected rats on days 0 and 5, while

the same tissues from rats infected orally with 2,000 Trichinella
spiralis muscle larvae(a standard low dose) were collected on days
1, 2,3,5,and 7 following infection (early phase infection). The fresh
tissue was histologically processed by transferring the dissected
tissue to an aluminum foil cup containing Optimum Cutting

Temperature(OCT)embedding medium (Miles Scientific, Naperville,
IL). Another layer of OCT was added to cover the tissue, and the

aluminum foil cup was immersed in Isopentane (2-Methylbutane,
Fisher Chemical, Fisher Scientific, Fair Lawn, NJ) and then frozen in
liquid nitrogen.This process allows slower freezing of the tissue, and
thus, helps to preserve the surface molecules of those cells in

question. Tissue samples were stored at -80oC until processed. Frozen
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sections of 6 ixm were cut from the intestine, MLN, spleen, and

Peyer's patch of infected as well as control rats using a Lab Tek
Precision Microtome Cryostat(Lab Tek Instruments Co., Westmont,

IL), placed on slides coated with poly-L-lysine, and allowed to air

dry.Three sections were prepared for each of the tissue samples and
then fixed with 2% paraformaldahyde at room temperature for 20
min, washed in 3x PBS pH 7.2 for 5 min., and then washed twice in
PBS for 5 min.

Immunofluorescence assay(IFA)

A double labeling immunofluorescence assay was used to reveal
the distribution of different B cell populations located within the
tissue sections on the slides that had been previously described

(Woodbury et al., 1978). The dynamics of the various isotypes of
antibodies produced by B cells, specifically IgE, IgA, IgM, IgGl,

IgG2a, lgG2b, and lgG2c, were determined by quantification of the
frozen sections using immunofluorescence microscopy(Choy et al.
1990). In a preliminary experiment, control sections were first
incubated in PBS containing normal rabbit serum in the place of test

antibody to demonstrate the lack of nonspecific binding of the
secondary antibody and the Rhodamine-conjugated 9D4 antigen.The
sections were incubated for 1 hr at room temperature with 1:500

diluted monoclonal mouse anti-rat IgE, IgGl, IgG2a, IgG2b, IgG2c,

IgA,and IgM(Zymed Labs Inc.,San Francisco, CA).These monoclonal
antibodies were H chain specific and in the F(ab)2'form to prevent
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non-specific binding to the Fc receptors. The primary antibody was
aspirated off and the slides were then washed with PBS pH 7.2 three
times for 5 min each. Fluorescein(FITC) conjugated goat anti-mouse

Ig and Rhodamine(XRITC)conjugated 9D4 TS antigen were used in a
1:1000 dilution. The FITC-Ig and XR1TC-9D4 were mixed 1:1. Both

incubations were done by placing 20 iil drops on the sections.
Incubation with fluorescent conjugates was done in the dark for 1 hr
at room temperature. The slides were then washed again with PBS

pH 7.2 three times for 5 min each and mounted in 60% (v/v)
glycerine-PBS, or washed a fourth time in dRiO pH 7.2 and mounted
with Fluorsave(CalBio Chemical Corp.,La Jolla, CA). Coverslips were

sealed with clear fingernail pohsh. The conjugated antibodies were

visualized using a Nikon OptiPhot Biological Microscope with an
Episcopic-Fluorescence Attachment EF-D containing a B2A 495nm
filter specific for FITC and a G2A 546nm filter specific to XRITC.
Double labeled cells in at least 15-40 villus cypt imits per intestine,

and 15-40 fields(400x)per section for the spleen,Peyer's patch,and
mesenteric lymph node were enumerated visually.

Statistical Analysis

The significance of differences in mean values were compared by

analysis of variance for independent means. Days of infection
producing significant F values were then further analyzed by
Newman-Keul's multiple-range test for each day, as compared to the
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pooled control and as compared to the previous day of infection.
Probability levels greater than 0.05 were considered significant.
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3.0

Results

To determine the kinetics of the appearance of 9D4 antigen-

specific IgA", IgGl", IgG2a-, IgG2b-, IgG2c-, IgE-, and IgM-producing
B lymphocytes (Ig-pc), SD rats were infected with 2,000 T. spiralis
muscle larvae on day 0 of infection. Rats were placed into random

groups of three and tissue samples were taken from the small
intestine 15 cm distal to the duodenum, the nearest Peyer's patch to
the intestinal sample, the mesenteric lymph node, and the spleen on
days 1, 2, 3, 5 and 7 of infection. Control samples were taken on days
0 and 5 from uninfected rats. Frozen sections of the tissues were first

labeled with monoclonal mouse anti-rat specific immunoglobulin,
followed

by

fluorescein

(FITC)-conjugated

goat

anti-mouse

nonspecific Ig- and rhodamine (XRITC)-conjugated affinity purified

T. spiralis 9D4 antigen in a 1:1 ratio. The appearance of 9D4 antigenspecific Ig-pc were quantified by immunofluorescence microscopy. T.
spiralis 9D4 antigen-specific B lymphocytes identified by both the

fluorescein-conjugated monoclonal goat anti-mouse nonspecific Ig
and the rhodamine-conjugated 9D4 antigen were visualized by using
a 495nm filter and a 546nm filter, respectively. Figure 1 is a

diagrammatic representation of a B lymphocyte that is specific for T.

spiralis 9D4 antigen. Monoclonal mouse anti-rat IgE binds to the
heavy chain region of rat specific IgE on B lymphocytes. Fluorescein
conjugated goat anti-mouse nonspecific Ig- then binds to the mouse

anti-rat specific IgE, producing a fluorescent, or bright green color.
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Fig. 1 Double Labeling of T. spiralis 9D4 Antigen-Specific IgE-Producing B
Lymphocyte: Diagrammatic representation of a B lymphocyte that is specific for T. spiralis (TS)
9D4 antigen. Monoclonal mouse anti-rat IgE binds to the heavy chain region of rat-specific IgE.
Fluorescein-conjugated goat anti-mouse nonspecific Ig- binds to the mouse anti-rat-specific IgE,
producing a fluorescent green staining of the cell. B lymphocytes synthesizing IgE antibodies that
are specific for T. spiralis will bind to the rhodamine-conjugated T. spiralis 9D4 antigen, producing
a strong red stain. The double labeled cell is visible by immunofluorescence microscopy using
either a 495nm or 546nm filter.

Fig. 2a T. spiralis 9D4 Antigen-Specific IgE-Producing B
Lymphocyte in the Intestine on Day 5 of Infection: Intestinal
tissue was labeled with monoclonal mouse-anti-rat IgE and
fluorescein-conjugated goat anti-mouse nonspecific Ig-: rhodamine
conjugated T. spiralis 9D4 antigen in a 1:1 ratio. (2a) 9D4 antigenspecific IgE-producing B lymphocyte (IgE-pc) localized within the
villus crypt unit (vcu) as observed using a 495nm filter specific for
fluorescein.
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Fig. 2b T. spiralis 9D4 Antigen-Specific IgE-Producing B
Lymphocyte in the Intestine on Day 5 of Infection: Intestinal
tissue was labeled with monoclonal mouse-anti-rat IgE and
fluorescein-conjugated goat anti-mouse nonspecific Ig-: rhodamine
conjugated T. spiralis 9D4 antigen in a 1:1 ratio. (2b) 9D4 antigenspecific IgE-producing B lymphocyte (IgE-pc) localized within the
villus crypt unit (vcu) as observed using a 546nm filter specific for
rhodamine.
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B lymphocytes producing IgE antibodies that are specific for T.

spiralis will bind to the rhodamine-conjugated T. spiralis 9D4 antigen
to produce a strong red color on the surface of the cell. An example
of the color signals produced by this labeling technique can be seen
in Figure 2, which contains photographs of samples of intestinal
tissue labeled with monoclonal mouse anti-rat IgE primary antibody

on day 5 of infection. In Figure 2a, T. spiralis 9D4 antigen-specific

IgE-pc

are localized

within

the

villus crypt

units (vcu) by

immunofluorescence microscopy using the 495nm filter. In figure 2b,

B lymphocytes that bind to the XRITC-9D4 antigen are visible by
immunofluorescence

microscopy

using

the

546nm

filter.

B

lymphocytes specific for T. spiralis 9D4 antigen are visible using
either of the filters.

3.1 Kinetics of the Appearance

of 9D4 Antigen-Specific

IgA-

Presenting B Lvmphocvtes:

Intestinal samples labeled with monclonal mouse anti-rat IgA

(Fig.3) showed a significant increase in the number of double labeled
cells by day 5 of infection (32+9 IgA-pc per villus crypt unit (vcu)),
as compared to the pooled control (0+.0 IgA-pc) and to day 3 of
infection (1±.3 IgA-pc). Day 7 of infection maintained high numbers
of IgA-pc (30±9), as compared to the pooled control (0+.0 IgA-pc on

day 0 and 2+.2 IgA-pc per vcu on day 2 of infection). The Beyer's

patch (Fig. 4) revealed 9D4-specific IgA-pc in two different cell
populations.
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Fig.3 Kinetics of the Appearance of 9D4 Antigen-Specific IgA-Producing B
Lymphocytes in the Intestine: Rats were infected with 2,000 Thchinella spiralis(TS) muscle
larvae on day 0. Samples of small intestine 15 cm.from the duodenum were removed on the
indicated days ofinfection with TS and immunohistochemically processed to reveal 9D4 antigenspecific IgA-producing B lymphocytes(IgA-pc ■) in the intestine. Data represent meansper villus
crypt unit for 3 SD rats per point.
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Fig. 4 Kinetics of the Appearance of 9D4 Antigen-Specific IgA-Producing B
Lymphocytes in the Peyer's Patch: Rats were infected with 2,000 Trichinella spiralis(TS)
muscle larvae per ml of PBS on day 0.Samples were processed,as described in figure 3, to reveal
9D4 antigen-specific IgA-producing B lymphocytes (IgA-pc) in the germinal centers(GC □) and
non-germinal centers (Non-GC ■) of the Peyer's patch. Data represent means per field of vision for
3 SD rats per point.
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Fig. 5 Kinetics of the Appearance of 9D4 Antigen-Specific IgA-Producing B
Lymphocytes in the Mesenteric Lymph Node: Rats were infected with 2,000 Trichinella
spiralis (TS) muscle larvae on day 0. Samples were taken from the mesenteric lymph node (MLN)
on the indicated days of infection abd processed as described in Fig. 3 to reveal 9D4 antigenspecific IgA-producing B lymphocytes (IgA-pc ■) in the MLN. Data represent means per field of
vision for 3 SD rats per point.
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Fig. 6 Kinetics of the Appearance of 9D4 Antigen-Specific IgA-Producing B
Lymphocytes in the Spleen: Rats were infected with 2,000 Trichinella spiralis (TS) muscle
larvae on day 0. Samples were processed as described in Fig. 3 to reveal 9D4 antigen-specific
IgA-producing B lymphocytes (IgA-pc ■) in the spleen. Data represent means per field of vision
for 3 SD rats per point.

Table 1. Estimated Numbers of TS 9D4 Antigen-Specific
IgA-Producing B Lymphocytes
Day of

Mesenteric

Significance

Intestine

Significance

Infection
PC

Mean

SD

Mean

SD

0

0

0

0

1

1

1

0

1

2

2

2

1

0

3

1

3

0

0

5

32

9

15.1 <0.05

0

1

7

30

9

14.4 <0.05

0

1

Peyer's Patch
Day of

Significance

Germinal
Center

Infection

Non-Germinal
Center

x Pooled Control

Mean

SD

Mean

SD

PC

0

0

0

0

1

0

0

0

0

2

9

5

0

0

3

7

2

0

0

5
14

2

1

1

0

0

5
7

10

Spleen

Day of
Infection

Significance
x Pooled Control

Significance
X

Pooled Control

Mean

SD

PC

0

0

1

1

2

2

0

0

3

1

1

5

5

1

1.8 <0.05

7

5

1

1.75 <0.05

Table 1 presents the means +. standard deviations of the appearance of
9D4-specific IgA-presenting B lymphocytes in the intestine, Peyer's
patch, mesenteric lymph node, and spleen on days 1, 2, 3, 5, and 7 of
infection. Significance was determined according to Newman-Keul's
Multiple-Range Test. The means for each day of infection were compared
against the pooled control (PC) and the critical values for means that
showed significance (p<0.05) are presented.
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Germinal

center

populations

(GC)

contained

cells

with

immunoglobulins aggregated in clumps exhibiting a bright uneven
signal, but showed insignificant numbers of IgA-pc to be present for
the duration of the infection (0+.0 IgA-pc day 0 and 1, 9+.5 IgA-pc

day 2, 7+2 IgA-pc day 3, 5±2 IgA-pc day 5, and 14+10 IgA-pc day 7
of infection). The non-germinal center regions (Non-GC) (Fig, 4) also

did not differ significantly from the pooled control throughout the
experiment (0+.0 IgA-pc days, 0, 1, 2, 3 and 7, and 1+.1 IgA-pc per
field of vision day 5 of infection). The mesenteric lymph node (Fig, 5)
did not differ significantly from the pooled control for the duration of

the experiment (0+.0 IgA-pc on days 0 and 3, I±.0 IgA-pc on day 2,
and 0±1 IgA-pc per field of vision on days 1, 5 and 7 of infection).
The spleen showed significant increase in mean IgA-pc numbers on
days 5 ( 5^1 IgA-pc) and day 7 (5iil IgA-pc) of infection, as
compared to the pooled control (0+.0 on days 0 and 2, and 1+2 on day
1) and day 3 of infection (1+1 IgA-pc) (Fig, 6), Significance for IgA-pc
numbers, as compared to the pooled control, was determined using
Newman-Keul's multiple-range test and is presented in Table 1,

Significance for IgA-pc numbers, as compared to the previous day of
infection, was determined by the same statistical method and is
presented in Table 8,

3,2 Kinetics of the Appearance of 9D4 Antigen-Specific IgE-Producing

B

Lvmphocytes: The intestinal samples labeled with monoclonal

mouse anti-rat IgE (Fig. 7) showed a significant increase in IgE-pc on
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day 2 of infection (18±9 IgE-pc per vcu) and maintained significant
numbers of IgE-pc for the remainder of the experiment, as compared

to the pooled control (1+3 IgE-pc on day 0, 1+2 IgE-pc on day 2, 16+9
IgE-pc on day 3, 45±9 IgE-pc on day 5, and 31±14 IgE-pc per vcu on

day 7 of infection). Another significant increase was observed on day
5 of infection, as compared to day 3, whereas a significant decrease

was observed on day 7 of infection, as compared to day 5 while
maintaining significance from the pooled control. The Peyer's patch
germinal centers (Fig. 8) showed significant numbers of IgE-pc on

day 2 of infection (29+.16 IgE-pc per field of vision), and remained
significant numbers for the remainder of the experiment, as

compared to the pooled control and to the previous day of infection
(OhhI IgE-pc on day 0 and 1, 17±12 IgE-pc on day 3, 12+.5 IgE-pc on

day 5, and 18+8 IgE-pc per field of vision on day 7 of infection). The
non-germinal center regions of the Peyer's patch (Fig. 8) did not
show a significant increase in IgE-pc throughout the duration of the

experiment, as compared to the pooled control (0+.1 IgE-pc on day 0
and 1, 1±1 IgE-pc on day 2, 2+0 IgE-pc on day 3, 2+1 IgE-pc on day 5,
and 3+.3 IgE-pc per field of vision on day 7 of infection). The
mesenteric lymph node (Fig. 9) did not show a significant increase in
IgE-pc until day 7 of infection (23+.10 IgE-pc per field of vision), as
compared to the pooled control and to day 5 of infection (1±0 IgE-pc

on day 0, 2±0 IgE-pc on day 1, 13+0 on day 2, 5+0 on day 3 and 12+6
IgE-pc per field of vision on day 5 of infection).
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Fig. 7 Kinetics of the Appearance of 9D4 Antigen-Specific IgE-Producing B
Lymphocytes in the Intestine: Rats were infected with 2,000 Tiichinella spiralis (TS) muscle
larvae on day 0 of infection. Samples were processed as described in Fig.3 to reveal 9D4 antigenspecific IgE-producing B lymphocytes (IgE-pc ■) in the intestine. Data represent means per villus
crypt unit (vcu) for 3 SD rats per point.
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Fig. 8 Kinetics of the Appearance of 9D4 Antigen-Specific IgE-Producing B
Lymphocytes in the Peyer's Patch: Rats were infected with 2,000 Trichinella spiralis (TS)
muscle larvae on day 0. Samples were processed as described in Fig. 3 to reveal 9D4 antigenspecific IgE-producing B lymphocytes (IgE-pc) in the germinal centers (GC □) and non-germinal
centers (Non-GC ■) of the Peyer's patch. Data represent means per field of vision for 3 SD rats per
point.

25 -r

20 -

15
a. o.

2w
O ei)
HH

U)

.Q

to

z

2

3

Day of TS infection

Fig. 9 Kinetics of the Appearance of 9D4 Antigen-Specific IgE-Producing B
Lyphocytes in the Mesenteric Lymph Node: Rats were infected with 2,000 Trichinella
spiralis(TS) muscle larvae on day0 ofinfection.Samples were processed as described in Fig.3 to
reveal 9D4 antigen-specific IgE-producing B lymphocytes (IgE-pc ■) in the mesenteric lymph
node. Data represent means per field of vision for 3 SD rats per point.
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Fig. 10 Kinetics of the Appearance of 9D4 Antigen-Specific IgE-Producing B
L3miphocytes in the Spleen: Rats were infected with 2,000 Trichinella spiralis (TS) muscle
larvae on day0 of infection. Samples were processed as described in Fig. 3 to reveal 9D4 antigenspecific IgE-producing B lymphocytes (IgE-pc ■) in the spleen. Data represent means per field of
vision for 3 SD rats per point.

Table 2. Estimated Numbers of TS 9D4 Antigen-Specific
IgE-Producing B Lymphocytes
Day of

PC

Significance

Intestine

Infection

X

Pooled Control

Mesenteric

Significance

Lymph Node X Pooled Control

Mean

SD

Mean

SD

1

3

1

0

1

1

2

2

0

2

18

9

6.4 <0.05

13

0

3

16

9

5.3 <0.05

5

0

5

45

9

7.5 <0.05

12

6

7

31

14

7.0 <0.05

23

10

18.7 <0.05

Peyer's Patch
Day of

Germinal

Infection

Center

PC

Significance
X

Non-Germinal
Center

Pooled Control

Mean

SD

Mean

SD

0

1

0

1

0

1

1

0

1

2

29

16

10.4 <0.05

1

1

3

17

12

9.4 <0.05

2

0

5

12

5

8.5 <0.05

2

1

3

3

7

18

8

10.0 <0.05

Spleen

Day of

Significance
x Pooled Control

Significance

Infection

X

Pooled Control

Mean

SD

PC

0

1

1

0

1

2

11

11

6.0 <0.05

3

17

9

7.2 <0.05

5

20

16

7.8 <0.05

7

21

13

8.3 <0.05

Table 2 presents the means +. standard deviations of the appearance of
9D4-specific IgE-presenting B lymphocytes in the intestine, Peyer's
patch, mesenteric lymph node, and spleen on days 1, 2, 3, 5, and 7 of
infection. Significance was determined according to Newman-Keul's
Multiple-Range Test. The means for each day of infection were compared
against the pooled control (PC) and the critical values for means that
showed significance (p<0.05) are presented.
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The spleen (Fig. 10) showed a significant increase in the mean

number of IgE-pc on day 2 of infection (11+11 IgE-pc), and remained
significant throughout the remainder of the experiment, as compared
to the pooled control and the previous day of infection (0+.1 IgE-pc on

day 0 and 1, 17+9 IgE-pc on day 3, 20+16 IgE-pc on day 5, and 21+13
IgE-pc per field of vision on day 7 of infection). Significance for IgE

pc numbers, as compared to the pooled control, was determined
using Newman-Keul's multiple-range test and is presented in Table
2. Significance for IgE-pc numbers, as compared to the previous day
of infection, was determined by the same statistical method and is
presented in Table 8.

3.3 Kinetics of the Appearance of 9D4 Antigen-Specific IgGl-

Producing B Lvmphocvtes: Intestinal samples taken from infected
rats and labeled with monoclonal mouse anti-rat IgGl (Fig. 11)

showed a significant increase in 9D4-specific IgGl-pc on day 3 of
infection (44±10), as compared to the pooled control (0+.0) and the
previous day of infection, and remained significant for the duration
of the experiment (0+.0 IgGl-pc on day 0, 16±.6 IgGl-pc on day 1,
19+.9 IgGl-pc on day 2, 25±4 IgGl-pc on day 5 and 31hi12 IgGl-pc
per villus crypt unit on day 7 of infection). The Peyer's patch (Fig.

12) showed a significant increase of IgGl-pc in the germinal center
regions of the tissues on day 5 of infection only (18±.7 IgGl-pc), as
compared to the pooled control (0±.l IgGl-pc) and day 3 of infection

(5+.2 IgGl-pc), and dropped to insignificance again on day 7 of
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infection (1+1 IgGl-pc on day 1 of infection, 16±16 IgGl-pc on day 2

and 13±6 IgGl-pc per field of vision on day 7). Non-germinal center
regions of the Peyer's patch (Fig. 12) did not significantly differ from

the pooled control (0+.0 IgGl-pc on days 0 and 2, and 1+.1 IgGl-pc
per field of vision on days 3, 5 and 7 ). The mesenteric lymph node
(Fig. 13) showed a significant increase in IgGl-pc on day 3 of
infection (10+_5 IgGl-pc per field of vision), as compared to the

pooled control (0+1 IgGl-pc) and day 2 of infection (3+2 IgGl-pc). A
significant decrease in IgGl-pc numbers was then observed on day 5
of infection (3+.4 IgGl-pc), as compared to day 3, resulting in an

insignificant number of IgGl-pc, as compared to the pooled control
(0+_l IgGl-pc). However, day 7 showed another increase to a

significant mean (11+4 IgGl-pc per field of vision), as compared to

the pooled control and day 5 of infection (0+.1 IgGl-pc day 0, 1+.3
IgGl-pc day 1). The spleen (Fig. 14) showed significant IgGl-pc
numbers on day 3 of infection (22+.8 IgGl-pc per field of vision), as

compared to the pooled control (2+.4 IgGl-pc) and day 2 of infection
(5+.2 IgGl-pc), but then dropped to insignificant numbers for the
duration of the experiment (0±0 IgGl-pc on day 1,10+5 IgGl-pc on

day 5, and 7+.8 IgGl-pc per field of vision on day 7 of infection).
Significance for IgGl-pc numbers, as compared to the pooled control,
was determined using Newman-Keul's multiple-range test and is
presented in Table 3. Significance for IgGl-pc numbers, as compared
to the previous day of infection, was determined by the same
statistical method and is presented in Table 8.
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Fig. 11 Kinetics of the Appearance of 9D4 Antigen-Specific IgGl-Producing B
Lymphocytes in the Intestine: Rats were infected with 2,000 Tiichinella spiralis(TS) muscle
larvae on day0 ofinfection.Samples were processed as described in Fig. 3 to reveal 9D4 antigenspecific IgGl-producing B lymphocytes (IgGl-pc ■) in the intestine. Data represent means per
villus crypt unit for 3 SD rats per point.
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Fig. 12 Kinetics of the Appearance of 9D4 Antigen-Specific IgGl-Producing B
Lymphocytes in the Peyer's Patch: Rats were infected with 2,000 Trichinella spiralis(TS)
muscle larvae on day 0. Samples were processed as described in Fig. 3 to reveal 9D4 antigenspecific IgGl-producing B lymphocytes(IgGl-pc)in the germinal centers(GC □) and non-germinal
centers (Non-GC ■) of the Peyer's patch. Data represent means per field of vision for 3 SD rats per
point.

12 T

1 0 -

a CL,

o

U)

01)

pO

VO

Z

2

3

Day of TS infection

Fig. 13 Kinetics of the Appearance of 9D4 Antigen-Specific IgGl-Producing B
Lymphocytes in the Mesenteric Lymph Node: Rats were infected with 2,000 Trichineiia
spiralis(TS) muscle larvae on day0 ofinfection. Samples were processed as described in Fig. 3 to
reveal 9D4 antigen-specific IgGl-producing B lymphocytes (IgGl-pc ■) in the MLN. Data
represent means per field of vision for 3 SD rats per point.
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Fig. 14 Kinetics of the Appearance of 9D4 Antigen-Specific IgGl-Producing B
Lymphocytes in the Spleen: Rats were infected with 2,000 Trichinella spiralis(TS) muscle
larvae on day0 ofinfection.Samples were processed as described in Fig.3 to reveal 9D4 antigenspecific IgGl-producing B lymphocytes(IgGl-pc ■) in the spleen. Data represent means per field
of vision for 3 SD rats per point.

Table 3. Estimated Numbers of TS 9D4 Antigen-Specific
IgGl-Producing B Lymphocytes

Day of

Intestine

Infection
PC

Significance
x Pooled Control

Mesenteric

Lymph Node x Pooled Control

Mean

SD

Mean

SD

0

0

0

1

I

16

6

1

3

2

19

9

3

2

3

44

10

10

5

26.5 <0.05

Significance

5

25

4

23.6 <0.05

3

4

7

31

12

25.2 <0.05

11

4

4.0 <0.05
4.2 <0.05

Peyer's Patch
Day of

Center

Infection

PC

Significance

Germinal

Non-Germinal
Center

x Pooled Control

Mean

SD

Mean

SD

0

1

0

0

1

I

1

1

1

2

16

16

0

0

3

5

2

1

1

1

1

1

1

5

18

7

7

13

6

17.1 <0.05

Spleen

Day of
Infection

x Pooled Control

Significance
X

Mean

Significance

Pooled Control

SD

PC

2

4

1

0

0

2

5

2

3

22

8

5

10

5

7

7

8

11.5 <0.05

Table 3 presents the means +. standard deviations of the appearance of
9D4-specific IgGl-presenting B lymphocytes in the intestine, Peyer's
patch, mesenteric lymph node, and spleen on days 1, 2, 3, 5, and 7 of
infection. Significance was determined according to Newman-Keul's
Multiple-Range Test. The means for each day of infection were compared
against the pooled control (PC) and the critical values for means that
showed significance (p<0.05) are presented.
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3.4 Kinetics of the Appearance of 9D4 Antigen-Specific IgG2a
Producing

B

Lymphocytes: Intestinal

samples

labeled

with

monoclonal mouse-anti-rat IgG2a (Fig. 15) had a pooled control mean
of 22+6 IgG2a-pc per vcu. As a result of such high control numbers,
IgG2a-pc were not observed in significant numbers for the duration

of the experiment (39±.18 IgG2a-pc on day 1, 24+.8 IgG2a-pc on day
2, 23±.7 IgG2a-pc on day 3, 21+.9 IgG2a-pc on day 5, and 22^1 1
IgG2a-pc per vcu on day 7 of infection). The Peyer's patch germinal
centers (Fig. 16) maintained

significant numbers

of IgG2a-pc

throughout the experiment, as compared to the control (0+0 IgG2a-pc
on day 0, 7+.2 IgG2a-pc on day 1, 17+.7 IgG2a-pc on day 2, 16±.2
IgG2a-pc on day 3, 13+4 IgG2a-pc on day 5, and 11+2 IgG2a-pc per
field of vision on day 7 of infection). A significant increase in IgG2a
pc was observed on day 2, as compared to day 1 of infection. Nongerminal center populations (Fig. 16) remained insignificant for the
duration of the experiment, as compared to the pooled control (0±0

IgG2a-pc on days 0, 1, 3 and 7, 1+.1 IgG2a-pc on day 2 and 1+.2
IgG2a-pc per field of vision on day 5). The mesenteric lymph node
(Fig. 17) showed no significance from the pooled control throughout
the duration of the experiment (5+4 IgG2a-pc on day 0, 7+2 IgG2a-pc

on day 1, 6+1 IgG2a-pc on day 2, 5+4 IgG2a-pc on day 3, 6+3 IgG2a

pc on day 5, and 3±.3 IgG2a-pc per field of vision on day 7 of
infection). The spleen (Fig. 18) showed a significant mean number of

IgG2a-pc on day 1 of infection {1±2 IgG2a-pc per field of vision), as
compared to the pooled control (1±1 IgG2a-pc). A decrease in mean
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number of IgG2a-pc to insignificance was observed by day 3 (2±.l

IgG2a-pc), as compared to the pooled control, down from 4+3 IgG2a
pc per field of vision on day 2 of infection. This was followed by
another significant increase on day 5 (19iil IgG2a-pc). Again, mean

numbers of IgG2a-pc dropped on day 7 (6+,2 IgG2a-pc per field of
vision) but remained significant from the pooled control (1±1 IgG2a

pc). A significant decrease was observed between days 1 and 2, a
significant increase between days 3 and 5, and another significant

decrease between days 5 and 7, as compared to the previous day of
infection. Significance for IgG2a-pc numbers, as compared to the

pooled control, was determined using Newman-Keul's multiple-range
test and is presented in Table 4. Significance for IgG2a-pc numbers,
as compared to the previous day of infection, was determined by the
same statistical method and is presented in Table 8.

3.5 Kinetics of the Appearance of 9D4 Antigen-Specific IgG2b

Producing

B

Lymphocytes: The intestinal samples labeled with

monclonal mouse anti-rat IgG2b (Fig. 19) showed a high mean

number for the pooled control (20+.8 IgG2b-pc), similar to the IgG2a
intestinal samples (22+6 IgG2a-pc). As a result of such high control

numbers, IgG2b-pc numbers remained insignificant for the duration

of the experiment (28±5 IgG2b-pc on day of 1, 42+.25 IgG2b-pc on
day 2, 37±6 IgG2b-pc per vcu on day 3, 15±.15 IgG2b-pc on day 5,
and 40+16 IgG2b-pc on day 7 of infection).
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Fig. 15 Kinetics of the Appearance of 9D4 Antigen-Specific IgG2a-Producing B
Lymphocytes in the Intestine: Rats were infected with 2,000 Trichinella spiralis(TS) muscle
larvae on day0 ofinfection. Samples were processed as described in Fig. 3 to reveal 9D4 antigenspecific lgG2a-producmg B Lymphocytes(lgG2a-pc ■). Data represent the means per villus crypt
unit for 3 SD rats.

1 8 -r
1 6"
14
12

a

a«

10

n

Q O
OJD

-p^
U\

JQ

2

3

Day of TS infection

Fig. 16 Kinetics of the Appearance of 9D4 Antigen-Specific IgG2a-Producing B
Lymphocytes in the Peyer's Patch: Rats were infected with 2,000 Trichinella spiralis(TS)
muscle larvae per ml ofPBS on day 0.Samples were taken on the indicated days ofinfection with
TS and immunohistochemically processed to reveal 9D4 antigen-specific IgA-producing B
lymphocytes (lgG2a-pc)in the germinal centers(GC □) and non-germinal centers (Non-GC ■) of
the Peyer's patch. Data represent means per field of vision for 3 SD rats per point.
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Fig. 17 Kinetics of the Appearance of 9D4 Antigen-Specific IgG2a-Producing B
Lymphocytes in the Mesenteric Lymph Node: Rats were infected with 2,000 Trichinella
spiralis(TS) muscle larvae on day 0.Samples were processed as described in Fig. 3 to reveal 9D4
antigen-specific lgG2a-producing B lymphocytes(IgG2a-pc ■) in the MLN. Data represent means
per field of vision for 3 SD rats per point.
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Fig. 18 Kinetics of the Appearance of 9D4 Antigen-Specific IgG2a-Producing B
Lymphocytes in the Spleen: Rats were infected with 2,000 Trichinella spiralis (TS) muscle
larvae on day 0. Samples were processed as described in Fig. 3 to reveal 9D4 antigen- specific
IgG2a-producing B lymphocytes (IgG2a-pc ■) in the spleen. Data represent means per field of
vision for 3 SD rats per point.

Table 4. Estimated Numbers of TS 9D4 Antigen-Specific
IgG2a-Producing B Lymphocytes

Day of

Intestine

Infection

Significance
x Pooled Control

Mesenteric

Significance

Lymph Node x Pooled Control

Mean

SD

Mean

SD

PC

22

6

5

4

1

39

18

7

2

2

24

8

6

1

3

23

7

5

4

5

21

9

6

3

7

22

11

3

3

Peyer's Patch

Day of

Center

Infection

PC

Significance

Germinal

Non-Germinal
Center

x Pooled Control

SD

Mean

SD

Mean

0

0

0

0

0

0

1

7

2

0.72 <0.05

2

17

7

1.1 <0.05

1

1

3

16

2

1.1 <0.05

0

0

5

13

4

0.97 <0.05

1

2

0

0

7

0.88 <0.05

2

11

Spleen

Day of

Significance

Infection

X

Mean

Significance
x Pooled Control

Pooled Control

SD

PC

1

1

1

7

2

3.5 <0.05

2

4

3

3.0 <0.05

1

3

2

5

19

1

3.7 <0.05

7

6

2

3.3 <0.05

Table 4 presents the means ±. standard deviations of the appearance of
9D4-specific IgG2a-presenting B lymphocytes in the intestine, Peyer's
patch, mesenteric lymph node, and spleen on days 1, 2, 3, 5, and 7 of
infection. Significance was determined according to Newman-Keul's
Multiple-Range Test. The means for each day of infection were compared
against the pooled control (PC) and the critical values for means that
showed significance (p<0.05) are presented.
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The Peyer's patch germinal centers (Fig. 20) showed significant
numbers of IgG2b-pc on days 5 (14+.4 IgG2b-pc) and 7 (13^10
IgG2b-pc) of infection, as compared to the pooled control (0±0 IgG2b
pc on day 0, 6+.4 IgG2b-pc on day 1, 6±.3 IgG2b-pc on day 2, 10+,4
IgG2b-pc per field of vision on day 3 of infection). The non-germinal

center regions did not show a significant increase in IgG2b-pc for the

duration of the experiment, as compared to the pooled control (0±0
IgG2b-pc on day 0, 1+1 IgG2b-pc on day 1, 0+0 IgG2b-pc on day 2,
0+0 IgG2b-pc on day 3, 2+2 IgG2b-pc on day 5, and 1+1 IgG2b-pc per
field of vision on day 7,). The mesenteric lymph node (Fig. 21)
showed a significant increase in mean numbers of IgG2b-pc on day 3
of infection (9+3 IgG2b-pc), as compared to the pooled control (3+1

IgG2b-pc per field of vision) and day 2 of infection (4±0 IgG2b-pc),
whereas the mean number of IgG2b-pc fell to insignificance on day 5

(5+.0 IgG2b-pc), as compared to the pooled control and day 3 of
infection. Another increase to a significant mean of 10±1 IgG2b-pc
was observed on day 7 of infection, as compared to the pooled

control and day 5 of infection (3+.0 IgG2b-pc on day 1 and 4+.0

IgG2b-pc per field of vision on day 2 of infection). The spleen (Fig.
22) showed a significant increase in IgG2b-pc on day 5 of infection

(16+14 IgG2b-pc), as compared to the pooled control (2+1 IgG2b-pc)

and day 3 of infection (3±1 IgG2b-pc), and remained significant for
the remainder of the experiment (1±0 IgG2b-pc on day 1, 1+0 IgG2b

pc on day 2, and 3±1 IgG2b-pc on day 3, 24+1 IgG2b-pc per field of
vision on day 7 of infection).
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Fig. 19 Kinetics of the Appearance of 9D4 Antigen-Specific IgG2b-Producing B
Lymphocytes in the Intestine: Rats were infected with 2,000 Trichinel/a spiraiis (TS) muscle
larvae on day 0. Samples of small intestine were processed as described in Fig. 3 to reveal 9D4
antigen-specific IgG2b-producing B lymphocytes (IgG2b-pc ■) in the intestine. Data represent
means per villus crypt unit for 3 SD rats per point.
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Fig. 20 Kinetics of the Appearance of 9D4 Antigen-Specific IgGZb-Producing B
Lymphocytes in the Peyer's Patch: Rats were infected with 2,000 Thchinella spiralis(TS)
muscle larvae on day 0. Samples were processed as described in Fig. 3 to reveal 9D4 antigenspecific IgG2b-producing B lymphocytes (IgG2b-pc) in the germinal centers (GG □) and nongerminal centers (Non-GC ■) of the Peyer's patch. Data represent means per field of vision for 3
SD rats per point.
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Fig. 21 Kinetics of the Appearance of 9D4 Antigen-Specific IgG2b-Producing B
Lymphocytes in the MLN:Rats were infected with 2,000 Trichinella. spiralis(TS) muscle larvae
on day 0. Samples of mesenteric lymph node(MLN) were processed as described in Fig. 3 to
reveal 9D4 antigen-specific IgG2b-producing B lymphocytes (IgG2b-pc ■) in the MLN. Data
represent means per field of vision for 3 SD rats per point.
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Fig. 22 Kinetics of the Appearance of 9D4 Antigen-Specific IgG2b-Producing B
Lymphocytes in the Spleen: Rats were infected with 2,000 Trichinella spiralis (TS) muscle
larvae on day 0. Samples of spleen were processed as described in Fig. 3 to reveal 9D4 antigenspecific IgG2b-producing B lymphocytes (lgG2b-pc ■) in the spleen. Data represent means per
field of vision for 3 SD rats per point.

Table 5. Estimated Numbers of TS 9D4 Antigen-Specific
IgG2b-Producing B Lymphocytes

Day of

Intestine

Significance

Mesenteric

Significance

^nfectioi|^^__^^__^^^_x_Poole^_Control__^^in£l^^lode_jc_Pooled_Contto^
Mean

PC

20

SD

Mean

SD

8

3

1

1

28

5

3

0

2

42

25

4

0

3

37

6

9

3

5

15

15

5

0

7

40

16

10

1

3.1 <0.05

3.5 <0.05

Peyer's Patch
Day of

Significance

Germinal
Center

Infection

Non-Germinal
Center

x Pooled Control

Mean

SD

Mean

SD

PC

0

0

0

0

1

6

4

1

1

2

6

3

0

0

3

10

4

0

0

5

14

4

12.3 <0.05

2

2

7

13

10

11.6 <0.05

1

1

Spleen

Day of

Significance

Infection

X

Mean

Significance
x Pooled Control

Pooled Control

SD

PC

2

1

1

1

0

2

1

0

3

3

1

5

16

14

1.3 <0.05

7

24

1

1.4 <0.05

Table 5 presents the means +. standard deviations of the appearance of
9D4-specific IgG2b-presenting B lymphocytes in the intestine, Peyer's
patch, mesenteric lymph node, and spleen on days 1, 2, 3, 5, and 7 of
infection. Significance was determined according to Newman-Keul's
Multiple-Range Test. The means for each day of infection were compared
against the pooled control (PC) and the critical values for the means that
showed significance (p<0.05) are presented.
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Significance for IgG2b-pc numbers, as compared to the pooled
control, was determined using Newman-Keul's multiple-range test

and is presented in Table 5. Significance for IgG2b-pc numbers, as

compared to the previous day of infection, was determined by the
same statistical method and is presented in Table 8.

3.6 Kinetics of the Appearance of 9D4 Antigen-Specific IgG2c

Presenting B Lymphocytes: The intestinal samples labeled with
monclonal mouse anti-rat IgG2c (Fig. 23) did not show a significant

increase in mean IgG2c-pc for the duration of the experiment, as

compared to the pooled control (28+12 IgG2c-pc day 0, 32+6 IgG2c
pc on day 1, 27±8 IgG2c-pc on day 2, 33+3 IgG2c-pc on day 3, 34+3

IgG2c-pc on day 5 and 38+5 IgG2c-pc per vcu on day 7 of infection).
Like the intestinal samples labeled with IgG2a and IgG2b, IgG2c
showed an unusually high mean cell number for the pooled control.

The germinal centers of the Peyer's patch (Fig. 24) showed a

significant increase in IgG2c-pc on day 3 (15+.11 IgG2c-pc) through
day 5 of infection (14+7 IgG2c-pc), and a decrease in mean IgG2c-pc

number to insignificance by day 7 of infection (5+.1 IgG2c-pc), as

compared to the pooled control (1+1 IgG2c-pc on day 0, 7+2 IgG2c-pc
on day 1, and 8+5 IgG2c-pc on day 2). Mean numbers of IgG2c-pc in

the non-germinal center regions of the Peyer's patch (Fig. 24) did not
significantly differ from the pooled control throughout the duration
of the experiment (1+.1 IgG2c-pc on days 0, 1, 2, 5, and 7, and 2±3
IgG2c-pc per field of vision on day 3 of infection).
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Fig. 23 Kinetics of the Appearance of 9D4 Antigen-Specific IgG2c-Producing B
Lymphocytes in the Intestine: Rats were infected with 2,000 Trichinella spiralis (TS) muscle
larvae on day 0. Samples of small intestine were processed as described in Fig. 3 to reveal 9D4
antigen-specific IgGZc-producing B lymphocytes (IgG2c-pc ■) in the intestine. Data represent
means per villus crypt unit for 3 SD rats per point.

1 6 -r

1 4 -

12

10
Q.
I

a
^

rr n

a o
a\

d£

pfi

Z

Day of TS infection

Fig. 24 Kinetics of the Appearance of 9D4 Antigen-Specific IgG2c-Producing B
Lymphocytes in the Peyer's Patch: Rats were infected with 2,000 Tiichinella spiralis(TS)
muscle larvae on day 0. Samples were processed as described in Fig. 3 to reveal 9D4 antigenspecific IgG2c-producing B lymphocytes (IgG2c-pc) in the germinal centers (GC □) and nongerminal centers (Non-GC ■) of the Peyer's patch. Data represent means per field of vision for 3
SD rats per point.
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Fig. 25 Kinetics of the Appearance of 9D4 Antigen-Specific IgG2c-Producing B
Lymphocytes in the MLN: Rats were infected with 2,000 Trichinella spiralis(TS) muscle larvae
on day 0. Samples of mesenteric lymph node(MLN) were processed as described in Fig. 3 to
reveal 9D4 antigen-specific IgG2c-producing B lymphocytes (IgG2c-pc ■) in the MLN. Data
represent means per field of vision for 3 SD rats per point.
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Fig. 26 Kinetics of the Appearance of 9D4 Antigen-Specific IgG2c-Producing B
Lymphocytes in the Spleen: Rats were infected with 2,000 Tricbinella spiralis(TS) muscle
larvae on day 0. Samples of spleen were processed as described in Fig. 3 to reveal 9D4 antigenspecific IgG2c-producing B lymphocytes(IgG2c-pc ■) in the spleen. Data represent means per
field of vision for 3 SD rats per point.

Table 6. Estimated Numbers of TS 9D4 Antigen-Specific
IgG2c-Producing B Lymphocytes
Day of

Significance

Intestine

X Pooled Control

Infection

Mesenteric

Significance

Lymph Node x Pooled Control^
Mean

SD

Mean

SD

PC

28

12

2

2

1

32

6

6

5

2

27

8

11

3
3

3

33

3

6

5

34

3

8

3

7

38

5

23

7

11.7 <0.05

Peyer's Patch
Day of

Germinal

Significance

Center

x Pooled Control

Infection

Mean

Non-Germinal
Center

SD

Mean

SD

PC

1

1

1

1

1

7

2

1

1

2

8

5

1

1

3

3

15

11

13.3 <0.05

2

5

14

7

12.7 <0.05

1

1

7

5

1

1

1

Significance

Spleen

Day of

Significance
x Pooled Coiitrol

Infection

X

Mean

SD

PC

0

0
1

Pooled Control

1

2

2

2

1

3

3

0

5

18

4

7.5 <0.05

7

35

10

7.9 <0.05

Table 6 presents the means ±. standard deviations of the appearance of
9D4-specific IgG2c-presenting B lymphocytes in the intestine, Peyer's
patch, mesenteric lymph node, and spleen on days 1, 2, 3, 5, and 7 of
infection. Significance was determined according to Newman-Keul's
Multiple-Range Test. The means for each day of infection were compared
against the pooled control (PC) and the critical values for the means that
showed significance (p<0.05) are presented.
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The mesenteric lymph node (Fig. 25) did not show a significant
increase in mean number of IgG2c-pc until day 7 of infection (23±7

IgG2c-pc), as compared to the pooled control and day 5 of infection
(2+2 IgG2c-pc on day 0, 6+5 IgG2c-pc on day 1, 11+3 IgG2c-pc on day
2, 6+3 IgG2c-pc on day 3, and 8+3 IgG2c-pc per field of vision on day
5 of infection). The spleen (Fig. 26) showed a significant increase in

mean IgG2c-pc number on day 5 of infection (18±4 IgG2c-pc per
field of vision), and ending with a significant mean number of IgG2c

pc on day 7 of infection (35+.10 IgG2c-pc per field of vision), as
compared to the pooled control and the previous day of infection
(0+0 IgG2c-pc on day 0, 2+1 IgG2c-pc on day 1 and 2, and 3+0 IgG2c
pc per field of vision on day 3 of infection). The increase in mean
number of IgG2c-pc observed is very similar to that observed in the

spleen labeled for IgA and IgG2b. Significance for IgG2c-pc numbers,
as compared to the pooled control, was determined using Newman
Keul's multiple-range test and is presented in Table 6. Significance

for IgG2c-pc numbers, as compared to the previous day of infection,
was determined by the same statistical method and is presented in
Table 8.

3.7 Kinetics of the Appearance of 9D4

Producing

B

Antigen-Specific

IsM-

Lvmphocvtes: The intestinal samples labeled with

monoclonal mouse anti-rat IgM (Fig. 27) showed results almost
identical to those observed for IgG2a. Pooled Control numbers of

IgM-pc were very high (21+4 IgM-pc per vcu), therefore, mean IgM

61

pc

numbers remained

insignificant for

the

duration

of the

experiment, as compared to the pooled control (28±4 IgM-pc on day
1, 22+3 IgM-pc on day 2, 31+5 IgM-pc on day 3, 18+4 IgM-pc on day
5, and I7±.15 IgM-pc per vcu on day 7 of infection). The Peyer's
patch germinal centers (Fig. 28) did not show significant IgM-pc
numbers for the duration of the experiment, as compared to the

pooled control (0±1 IgM-pc on day 0, I7+.2 IgM-pc on day I, 21+2
IgM-pc on day 2, 7+.4 IgM-pc on day 3, 13±5 IgM-pc on day 5 and
0±0 IgM-pc per field of vision on day 7 of infection). Insignificant
results were due to high variance levels. The non-germinal center

regions of the Peyer's patch (Fig. 28) showed no significant difference

in IgM-pc for the duration of the experiment, as compared to the

pooled control (0+0 IgM-pc on days 0 and 7, 1+1 IgM-pc on days I
and 2, l+,0 IgM-pc on day 3 and 2+.1 IgM-pc per field of vision on
day 5). The mesenteric lymph node (Fig. 29) showed significant
numbers of IgM-pc on day 3 of infection (11±7 IgM-pc per field of
vision), but fell to insignificance on day 5 (6±2 IgM-pc) and remained

insignificant through day 7 of infection (0+0 IgM-pc), as compared to
the pooled control (2+.2 on day 0, 1+1 IgM-pc on day 1 and 2+.I IgM

pc per field of vision on day 2 of infection). The spleen (Fig. 30)
showed a significant increase in IgM-pc on days 5 (14+.1 IgM-pc per
field of vision) and 7 of infection (4+1 IgM-pc per field of vision), as

compared to the pooled control and the previous day of infection
(1+1 IgM-pc on days 0 and 1, and 2+1 IgM-pc per field of vision on

days 2 and 3 of infection). Significance for IgM-pc numbers, as
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compared to the pooled control, was determined using Newman

Keul's multiple-range test and is presented in Table 7. Significance
for IgM-pc numbers, as compared to the previous day of infection,
was determined by the same statistical method and is presented in
Table 8.
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Fig. 27 Kinetics of the Appearance of 9D4 Antigen-Specific IgM-Producing B
Lymphocytes in the Intestine: Rats were infected with 2,000 Trichinella spiralis(TS) muscle
larvae per 1 ml PBS on day 0.Samples were taken from the small intestine 15 cm distal to the
duodenum on the indicated days of infection with TS and immunohistochemically processed to
reveal 9D4 antigen-specific IgM-producing B Lymphocytes (IgM-pc ■) in the intestine. Data
represent the means per villus crypt imit for 3 SD rats.
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Fig. 28 Kinetics of the Appearance of 9D4 Antigen-Specific IgM-Producing B
Lymphocytes in the Peyer's Patch: Rats were infected with 2,000 Trichinella spiralis(TS)
muscle larvae on day 0. Samples were processed as described in Fig. 3 to reveal 9D4 antigenspecific IgM-producing B lymphocytes(IgM-pc)in the germinal centers(GC □) and non-germinal
centers (Non-GC ■) of the Peyer's patch. Data represent means per field of vision for 3 SD rats per
point.
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Fig. 29 Kinetics of the Appearance of 9D4 Antigen-Specific IgM-Producing B
Lymphocytes in the Mesenteric Lymph Node: Rats were infected with 2,000 Trichinella
spiralis(TS) muscle larvae on day 0.Samples were processed as Described in Fig. 3 to reveal 9D4
antigen-specific IgM-producing B lymphocytes(IgM-pc ■) in the MLN. Data represent means per
field of vision for 3 SD rats per point.
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Fig. 30 Kinetics of the Appearance of 9D4 Antigen-Specific IgM-Producing B
Lymphocytes in the Spleen: Rats were infected with 2,000 Trichinella spiralis(IS) muscle
larvae on day 0.Samples of spleen were processed as described in Fig. 3 to reveal 9D4 antigenspecific IgM-producing B Lymphocytes(IgM-pc ■) in the spleen. Data represent means per field
of vision for 3 SD rats per point.

Table 7. Estimated Numbers of TS 9D4 Antigen-Specific
IgM-Producing B Lymphocytes

Day of

Significance

Intestine

Mesenteric

Significance

Infection
Mean

SD

Mean

SD
2

PC

21

4

2

I

28

4

1

1

2

22

3

2

1

3

31

5

11

7

5

18

4

6

2

7

17

15

0

0

6.5 <0.05

Peyer's Patch
Day of

Germinal

Infection

Center
Mean

Significance

Non-Germinal
Center

x Pooled Control

SD

Mean

SD

PC

0

1

0

0

1

17

2

1

1

2

21

2

1

1

0

3

7

4

1

5

13

5

2

1

7

0

0

0

0

Significance

Spleen

Day of

Significance
x Pooled Control

Infection

X

Mean

SD

PC

1

1

1

1

2

2

1

3

2

1

5

14

1

7

4

Pooled Control

2.5 <0.05

2.4 <0.05

Table 7 presents the means ±. standard deviations of the appearance of
9D4-specific IgM-presenting B lymphocytes in the intestine, Peyer's
patch, mesenteric lymph node, and spleen on days 1, 2, 3, 5, and 7 of
infection. Significance was determined according to Newman-Keul's
Multiple-Range Test. The means for each day of infection were compared
against the pooled control (PC) and the critical values for the means that
showed significance (p<0.05) are presented.
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Table 8.Estimation ofthe SignificantIncrease or Decrease in Mean Number
Days of
Tissue

Infection

Intestine

lto2

Monoclonal Mouse-Anti Rat Antibodies

IgA

IgE

lgG2a

14.4 <0.05

5.3 <0.05

lto2

10.0 <0.05

Germinal

2to 3

10.0 <0.05

Center

3 to 5

0.7 <0.05

5 to 7

0.7 <0.05

ON

Mesenteric

lto2

Lymph

2to3

Node

Spleen

14.9 <0.05

0.7 <0.05

2.8 <0.05

3 to 5

2.8 <0.05

2.8 <0.05

5 to 7

3.4 <0.05

7.2 <0.05

lto2
2to 3
5 to 7

IgM

1.1 <0.05

3.4 <0.05

3 to 5

lgG2c

7.0 <0.05

5to7

Peyer's Patch

lgG2b

23.6 <0.05

2to 3
3 to 5

IgGl

1.7 <0.05

2.8 <0.05

11.7 <0.05

1.0 <0.05

5.2 <0.05

2.2 <0.05

1.0 <0.05

5.2 <0.05

1.7 <0.05

3.0 <0.05
10.8 <0.05

3.5 <0.05

9.9 <0.05

3.0 <0.05

spiralis,with reference to the monoclonal mouse anti-rat antibody tested and the tissue for which the value was
obtained. Only significant values are shown(Newman-Keuls multiple-range test, p<0.05). A significant value
between the meansfor two consecutive days ofinfection is believed to be the result of migration into and out of
the specified tissue.

Discussion

The experiments reported in this paper quantitatively
examined the small intestine,Peyer's patch, mesenteric lymph node,
and spleen of Sprague-Dawley rats for the presence of B lymphocytes

producing IgM, IgGl, IgG2a, lgG2b, IgG2c, IgE, and IgM antibody
isotypes that were specific for affinity purified T. spiralis 9D4
antigen using a double labeling immunofluorescence assay. The
results showed that 9D4 antigen-specific IgE-pc appeared in

significant numbers as early as day 2 of infection (Fig. 7) and IgGl
producing B lymphocytes (Ig-pc) appeared in the non-Peyer's patch

regions of the intestinal tissue in significant numbers as early as day
3 of infection (Fig. 11). Such an early appearance of these isotype
bearing B lymphocytes indicates that an early isotype switch to IgE

and IgGl is occurring in or near the non-lymphoid regions of the
small intestine. These results also indicate that antigen-specific B

lymphocytes can be stimulated and activated by T. spiralis 9D4

antigen within 48 hr ofinfection.Such a phenomenon has never been

documented previously. If these B lymphocytes require T helper
cells for stimulation, then such T helper cells would have to be
activated even earlier than 48 hr. In fact, Wang et al.(1990b) have

recently demonstrated that intestinal lymphocytes become
stimulated as early as 12 hr after infection. These findings also
support those of Ahmad et al. (1991) and Bell et al. (1991) in

demonstrating that IgE producing B lymphocytes and IgGl producing
B Ijnnphocytes, respectively, are major effector ceUs in the rat host
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response to T. spiralis infection. Since IgA did not appear in

significant numbers in the intestine until day 5 of infection, this
demonstrates that IgA is not the only, and/or major, antibody
produced in this immune response (Fig. 3).
The results obtained for lgG2a-, IgG2b-, IgG2c- and IgM

producing B lymphocytes were unique in that all of these isotypes

had unusually high numbers of 9D4 antigen-specific B cells present
in the control populations of the intestine(Figures 15,19,23,and 27
respectively). The unusually large number of double labeled cells
found in the controls were restricted only to the intestinal tissues,

while double labeled cells were not significantly present in the
control tissues of the Peyer's patch, mesenteric lymph node,and the

spleen. This suggests that the high numbers of cells found in the
control populations is not due to the nonspecific binding of the
antibodies used in the tests. If this were true, all tissues should have

increased nonspecific binding by these antibodies. It is possible that
a proportion of the 9D4 antigen-specific Ab-pc of these specific
isotypes represents a number of naturally occurring Ab-pc that are
localized within the tissue and stimulated by some unknown antigen,

possibly causing cross-reactive binding to the T. spiralis 9D4 antigen.

The Peyer's patch regions show very distinctive germinal

centers, where bright yellow fluorescence was observed in a jagged
conglomeration of cells, while non-germinal center regions contained

very few cells, which were stained evenly around the periphery of
the cell, producing a weaker signal than observed in the germinal
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centers. The results for the Peyer's patch show IgE-pc to be present

in significant numbers on day 2 of infection and retain significant
values for the reminder of the infection (Fig. 8).IgGl-pc(Fig. 12) and

IgG2b-pc (Fig. 20) showed significant numbers in the germinal
centers only on day 5 of the infection.IgG2a-pc were present in the

germinal centers in significant numbers on day 1 of infection and
retain significant values for the reminder of the infection(Figure 16).
However, significant drops in IgG2a-pc numbers were observed

between days 2 and 3,3 and 5,and 5 and 7(Table 8).IgG2c-pc (Fig.
24) were observed in significant numbers only on days 3 and 5 of
infection. Such a fluctuation of cell numbers suggest that active

cellular migration is occurring. Migratory patterns through the lymph
vessels were visible through and around the periphery of the Peyer's

patches. This migratory pattern has been previously observed in IgM
and IgA isot>^es within the Human Peyers' patches (Spencer et al.,
1986) and in la positive veiled cells expressing IgA, IgE, IgG, and

IgM in the Peyer's patches of rats(Wilder's et al, 2983).
It appears that nearly all of the different isotypic B

lymphocytes become activated in non-Peyer's patch regions of the
intestine at the same time, or significantly earlier than they appear

in the Peyer's patch regions, excluding lgG2a-,IgG2b-, and IgG2c-pc.

These results strongly support the idea that the majority of the T.
spiralis antigen-specific B lymphocytes are generated, stimulated,
and activated within the villus crypt areas of the intestine, but are
not derived from the Peyer's patches. Since the source of the T.
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spiralis 9D4 antigen, the parasite itself, resides within the epithelial
layer of the small intestine, and this layer covers the entire villus
crypt areas,it is likely that secreted and excreted T. spiralis antigens
are able to stimulate B and T lymphocytes within these areas without
waiting for activated cells to migrate into the infected site. This is
likely due to diffusion of the antigen.

The results for the mesenteric lymph node show significant
numbers of IgE-pc (Fig. 9)and IgG2c-pc (Fig. 25) do not occur until

day 7 ofinfection.The appearance of IgGl-pc (Fig. 13)and IgG2b-pc
(Fig. 21) in the mesenteric lymph node in significant numbers was
restricted to days 3 and 7 of infection. IgM-pc were only observed in

significant numbers on day 3 of infection (Fig. 29). IgA-pc were not

observed in significant numbers in the mesenteric lymph node (Fig.
5)for the duration of the experiment. Again, migration of the 9D4

antigen-specific B lymphocytes through the mesenteric lymph node
from the intestinal region may be the most likely explanation for the
later appearance and fluctuations observed in cell numbers during

the course ofinfection. The results may also be explained in terms of
the time required for excretion and diffusion of T. spiralis antigens
from the intestine into the mesenteric lymph node and other organs,

which may sequentially stimulate and activate localized, non

migratory antigen-specific B lymphocytes along the course of their
diffusion. Whether it is either the former, and/or the latter

mechanism(s) cannot be determined until further experiments are

conducted. Either mechanism indicates a rapid(<48 hr) process.
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Significant numbers of IgE-pc are present in the spleen by day
2 of infection, and they steadily increase for the remainder of the
experiment(Fig. 10).IgG2a-pc are present in significant numbers on

day 1 ofinfection(Fig. 18).IgGl-pc appear on day 3 ofinfection, but
then drop to insignificant numbers for the duration of the infection
(Fig. 14). IgA", IgG2b-, IgG2c-, and IgM-pc all appear in significant
numbers on days 5 and 7 of infection (Figures 6, 22, 26, and 30

respectively). Similar to the mesenteric lymph node,the splenic 9D4
antigen-specific B lymphocytes appear later in infection, and the
spleen is, therefore, probably the last tissue examined in this study
to be visited by the migrating cells and/or diffusing T. spiralis 9D4
antigen.

The most likely path of migration for the T. spiralis 9D4

specific B lymphocytes would begin in the non-lymphoid regions of
the small intestine and proceed to the mesenteric lymph node via the
lymphatic vessels or the blood vessels. From here, 9D4-specific B
Ijnnphocytes would be carried through the hepatic portal system to
the heart, and in a matter of seconds, reach the spleen and other
tissues. Therefore it is reasonable to expect to see 9D4-specific B

lymphocytes in the spleen on the same day of infection as they are
observed in the mesenteric lymph node, even though they
theoretically reach the spleen later.

The significance of this study is that this is the first time
intestinal B lymphocytes specific for a parasitic antigen have been
visualized at such an early stage of a primary infection. The
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observation of the appearance of IgE-pc as early as 48 hr after

infection, and IgE-pc after 3 days of infection is not only happening

sooner than the appearance of IgA, but IgGl- and IgE-pc appear in

greater overall numbers than IgA in the Peyer's patch, mesenteric
lymph node and the spleen.(Tables 1,2 and 3 respectively). Because
there appears to be migration ofIgE- and IgGl-pc in all of the tissues

examined,whereas migratory patterns were not readily observed for

IgA-pc, this suggests that IgA is not migrating to these tissues and is
probably not one of the major effector cells in the rat host immunity
to T. spiralis. Similar to the 9D4-specific IgE- and IgGl-producing B
ljunphocytes, 9D4-specific IgG2a-, IgG2b-, lgG2c- and IgM-pc were
each present in greater numbers in all of the tissues tested than IgA
pc. Therefore, it is possible that the IgG2 subtypes and IgM isotype

producing B lymphocytes are also involved in the rat host immune
response to T. spiralis.

Further research is necessary to determine why the pooled
controls for the small intestinal tissues stained with IgG2a, IgG2b,

IgG2c and IgM produced such high numbers of B lymphocytes
specific to the 9D4 antigen. As was mentioned before,if nonspecific
binding was the cause of this, we would have seen similar responses
in the other tissues. Since the possibility of infection by airbom or

other pathogens will always exist, measures should be taken to
screen for such infections that might influence the data.It is possible

that some diffusing antigen other than T. spiralis 9D4 antigen is also
present and influencing these results. As result, there is always room
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for the improvement of methods to reduce nonspecific binding. It

might be possible to reduce background noise even further with a
more rigorous rinsing technique, or by raising the concentration of
free proteins in the rabbit serum added to the mouse anti-rat

immtmoglobuhns. Also, the quantification of these results, it seems,
should be possible by a more reputable method than visual counting.
A densitometer or a similar piece of equipment might provide more

uniformity in quantification. Future studies might also include other
tissues, like the liver, to test this theory of migration. We are

confident that these results are reliable and will be of great interest

to those researching the rat hostimmune mechanisms in response to
T. spiralis infection.
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